Primary squamous cell carcinoma (SCC) in the thyroid is extremely rare and has been reported in <1% of all thyroid cancer cases. Primary SCC in the thyroid was thought to be a transitional form derived from adenocarcinomas; therefore, the majority of reported cases have focused on the conjunction with other histological adenocarcinomas. A 73-year-old male presented to our hospital with bilateral vocal fold palsy and an anterior neck mass. Ultrasound sonography revealed a bulky tumor in the thyroid and bilateral cervical lymphadenopathy. We performed fine-needle aspiration cytology from the thyroid tumor, which revealed SCC. Positron emission tomography/computed tomography showed distant metastases in the lungs, mediastinal lymph nodes, and vertebra. We diagnosed the patient as having stage IVC SCC in the thyroid and administered weekly paclitaxel. Four and a half months after treatment initiation, the tuCase
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Introduction
Primary squamous cell carcinoma (SCC) in the thyroid is extremely rare, comprising <1% of all thyroid cancers [1] . Primary SCC in the thyroid has generally been thought to be a transitional form arising from other adenocarcinomas; the majority of such cases, therefore, revealed conjunction with other histologically differentiated adenocarcinomas, such as papillary adenocarcinoma or follicular adenocarcinoma [2] , as opposed to the very much rarer pure primary SCC in the thyroid.
SCC in the thyroid proceeds aggressively, frequently invading the surrounding organs, including the larynx, the esophagus, and the trachea. The distinction between primary SCC of the thyroid and an invasion of SCC arising in the adjacent organs is an important one because of the poor prognosis of thyroid SCC [3, 4] . The ability to make this distinction is, however, often confounded by the involvement of organs surrounding the large tumor.
There are 3 major immunohistochemical markers of differentiated thyroid carcinomas: PAX8, thyroglobulin (Tg), and TTF-1 [5] . PAX8 has also been reported as positive in thyroid SCC, and PAX8 staining is useful in distinguishing primary thyroid SCC from invasion or metastasis from extrathyroidal SCC [6] . However, in that report, most thyroid SCC patients did not have pure SCC but instead had SCC in conjunction with papillary or anaplastic thyroid cancer. Therefore, the immunohistochemical features -especially PAX8 relating to pure primary thyroid SCC -were not sufficiently discussed.
Case
A 73-year-old male was referred to our hospital presenting with bilateral vocal fold palsy and a rapidly growing anterior neck mass. We performed ultrasound sonography, revealing a bulky tumor in the thyroid gland and multiple bilateral cervical lymphadenopathies. We performed fine-needle aspiration cytology from both the thyroid tumor and the cervical lymph node, both of which revealed SCC. We found no primary tumor in the pharynx, larynx, or esophagus with laryngoscopy and upper gastrointestinal endoscopy, nor could we discover any primary tumor in the trachea using bronchoscopy. We discovered a bulky thyroid tumor and bilateral cervical lymph nodes involved in the common carotid artery and brachiocephalic artery using computed tomography (CT) with contrast effect (Fig. 1a, b) . Using FDG-positron emission tomography/CT, we found FDG uptake in the thyroid, the bilateral cervical lymph nodes, the lungs, the mediastinal lymph nodes, and the vertebra (Fig. 1c) . We diagnosed the patient with stage IVC primary SCC in the thyroid and initiated treatment with weekly paclitaxel. He received chemotherapy weekly at 90 mg/m 2 according to a 6 weeks on/2 weeks off schedule.
Four months after the initiation of treatment, the objective response obtained from CT presented a stable disease. However, a slightly enlarged tumor resulted in dysphagia and aspiration pneumonia, which led to the patient's death. We performed an autopsy according to the patient's wishes. On a macroscopic level, we found that the greater part of the thyroid was replaced by carcinoma. The tumor and the cervical lymph node metastases involved the common carotid artery and the brachiocephalic artery, but not the trachea or larynx (Fig. 2a, b) . The tumor had slightly invaded the external muscle layer of the esophagus; the mucosa of the esophagus, however, was intact. We observed multiple tumor nodules in the bilateral lungs and mediastinal lymphadenopathies. These macroscopic findings indicated primary thyroid cancer with distant metastases.
On examining the histopathology of all of the carcinomas in the thyroid, cervical lymph nodes, and lungs, we observed a palisade arrangement, intercellular bridges, and keratinization with a cancer pearl (Fig. 3a-d) . We interpreted these histopathological features as pure highly differentiated SCC. Consequently, only in the thyroid was primary SCC proven and never in any other organ. We performed immunohistochemical examinations of the primary thyroid cancer, the cervical lymph node metastases, and the lung metastases; all of which were negative for TTF-1, Tg, and PAX8 (Fig. 4a-c) .
Discussion
Primary SCC in the thyroid behaves aggressively, frequently surrounding great vessels, and even at initial diagnosis has distant metastasis. The most effective treatment for improving the prognosis is definitive surgery; unfortunately, however, extension of the tumor to surrounding organs or frequent distant metastasis makes this very difficult [7] . Although chemotherapy should at least be considered for patients with unresectable SCC in the thyroid to control the disease, effective chemotherapy has never been reported [8] . In this case, we were unsuccessful in reducing the tumor volume or extending the prognosis using chemotherapy with weekly paclitaxel. Clinical trials of molecular-targeted therapy using drugs such as lenvatinib and sorafenib for unresectable thyroid cancer are ongoing; these drugs may show promise to potentially extend survival [9] .
Primary SCC in the thyroid has been considered to be a transitional form arising from other adenocarcinomas; therefore, most of the reported cases have been connected with other histologically differentiated adenocarcinomas [2] . The coexistence of well differentiated and poorly differentiated thyroid cancer with SCC could constitute primary thyroid SCC; however, a clear distinction between pure thyroid SCC and invasion or metastasis from extrathyroidal SCC needs to be drawn because of the poor prognosis of the former. Immunohistochemical staining is useful in diagnosing the primary cancer site [10] . The principal immunohistochemical markers of the thyroid -TTF-1 and Tg -are frequently positive in differentiated thyroid cancer, usually positive in anaplastic thyroid cancer, and negative in SCC [5] . The transcription factor PAX8 is known to control the development of the central nervous system, the eyes, the kidneys, and the thyroid gland [11] . Most differentiated thyroid cancer also expresses PAX8, which is used as a positive marker of differentiated thyroid cancer [12] . PAX8 is reportedly also positive in most primary thyroid SCC [6] . Conversely, PAX8 is rarely expressed in SCC of the lungs, the larynx, the thymus, and the skin [11] . PAX8 is therefore useful in distinguishing primary thyroid SCC from extrathyroidal SCC.
In our case, the histopathological diagnosis was highly differentiated pure SCC, and the thyroid was proven by autopsy to be the primary cancer site. Autopsy is also useful in detecting the primary site or cause of death by unknown primary cancer [13] . This extremely rare case of pure thyroid SCC was proven by autopsy. However, immunohistochemical findings were negative for PAX8. Most previously reported cases of thyroid SCC, positive for PAX8, were not pure SCC but existed in conjunction with papillary or anaplastic thyroid cancer [6] . The presence of preserved immunohistochemical staining for PAX8 in better differentiated areas substantiates the presence of coexisting differentiated or anaplastic carcinoma [5] . An important feature of PAX8 is therefore that pure thyroid SCC may be negative for PAX8, and thyroid SCC with differentiated thyroid cancer may be positive for PAX8.
Conclusions
We encountered highly differentiated pure SCC in the thyroid proven by autopsy. Other coexisting histological adenocarcinoma may influence immunohistochemical features of PAX8. PAX8 may be negative in pure thyroid SCC and positive in thyroid SCC with differentiated thyroid cancer. Imaging features at the initial diagnosis. a, b Using computed tomography with contrast effect, we observed that most of the thyroid component was replaced by the tumor and was enlarged. We also observed bilateral cervical lymph node adenopathy. c Positron emission tomography revealed uptakes in the thyroid, bilateral cervical lymph nodes, and mediastinal lymph nodes. Macro view of the neck from the autopsy specimen. a Axial resection of the neck revealed that the thyroid tumor had invaded toward the cricoid cartridge and the outer muscular layer of the esophagus; however, the mucosa of the larynx and esophagus was intact. The bilateral cervical lymph nodes involved the common carotid artery (CCA) and internal jugular vein (IJV). b Sagittal resection of the neck revealed that the thyroid tumor and lymph nodes were involved with the brachiocephalic artery and had invaded toward the mediastinum. Mediastinal lymph node adenopathy was observed in front of the carina. 
